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Abstract 
The need to generate adequate information for optimal and sustainable exploitation of the 
soils of Gabari District Zaria is imperative. The FAO land suitability evaluation was used to 
evaluate the soils for rain-fed maize cultivation. The total land area surveyed was 70 ha. 
Three soil units was mapped and designated as GBI 12.3 ha, GBII 38.8 ha and GBIII 18.9 ha. 
Generally, the surface texture was loam. The soil reactions were slightly acidic to neutral, 
organic carbon, available phosphorus and total nitrogen was rated low. The CEC (NH4OAc) 
were medium to high and Base saturation was rated medium while EC and ESP were low. 
Generally, there were no significant differences in the physical and chemical properties within 
the three mapping units. Soil mapping units GBI and GBIII were marginally suitable (S3) while 
GBII was currently not suitable (N1) for maize production due to limitation imposed by soil 
chemical properties and slope. With proper soil fertility management, the potentials of these 
soils can be increased to moderately suitable (S2) for rain-fed maize and other arable crops if 
recommended fertilization and uses of organic manure to improve the soils physical and 
chemical constraints as well as construction of contour ploughing in unit GBII to reduce the 
rate of erosion. 
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Introduction 
The role of agriculture in Nigeria’s 
economy cannot be overemphasized given 
that 70% of the population derives their 
means of livelihood; it is also a major 
source of raw materials for the agro-allied 
industries as well as a potential source of 
the much-needed foreign exchange (World 
Bank, 1998). Agricultural resources are 
considered to be one of the most important 
renewable and dynamic natural resources. 
Soils as basic portions of agricultural 
resources are the ultimate sources of 
wealth and the foundation on which 
civilization is constructed, but a major 
problem of these resource is inappropriate 
utilization which leads to inefficient 
exploitation of the resource, and if proper 
measure are not put in place could lead to 
destruction of land resources and finally 
destruction of civilization (Jafarzadeh and 
Abbasi, 2006).  
To ensure sustainable land 
management, land degradation has to be 
checked, through techniques that are cost 
effective for predicting the best future use, 
and for mapping and monitoring land use 
changes. Land evaluation is an applied 





classification system that assesses the 
capacity of the soil for its optimal use that 
is, to derive maximum benefits with 
minimum degradation. Van Diepen et al. 
(1991) defined land evaluation as any 
method which explain or predict the use 
potential of land. Land evaluation may 
include soil survey or soil survey data 
(Abdulkadir, 1986). This help to bridge the 
gap between soil survey and land use 
planning by comparing the land conditions 
and land use requirements. This evaluation 
of land is normally carried out to 
determine their suitability for specific uses. 
The information obtained can now be used 
for a more realistic land use 
recommendation and present their 
constraints (FAO, 1995; Abdulkadir, 
1998). A significant and positive response 
from agricultural is justified as a means of 
improving the overall performance of the 
economy. 
Maize (Zea mays L.) is the most 
important cereal crop in sub-Saharan 
Africa (SSA). Along with rice and wheat, 
maize is one of the three most important 
cereal crops in the world. In Nigeria, maize 
is a staple food of great socio-economic 
importance. The demand for maize 
sometimes outstrips supply as a result of 
the various domestic uses (Akande, 1994). 
Additionally, other factors like price 
fluctuation, diseases and pests, poor 
storage facilities have been associated with 
low maize production in the country (Ojo, 
2003). In view of this, national and 
international bodies have developed 
interest in promoting maize production for 
households’ food security and poverty 
alleviation. Some of these efforts have 
been channeled through biological and 
agronomic research into the development 
of high-yielding varieties along with best 
cultural practices (Badmus and Ariyo, 
2011). 
Previous studies on soil suitability 
include; Oluwatosin (2005) who assessed 
suitability of some land in Northwestern 
Nigeria for rainfed crop production using a 
qualitative physical land evaluation 
method. The study revealed that all the 
soils were currently not suitable (N1) for 
cereals but were marginally suitable (S3) 
for grain legumes. Soils on plains were 
potentially more suitable than the soil of 
the upland and valley bottom. The major 
limitations were soil fertility, erosion 
hazard and drainage. Furthermore, 
Hussaini (2011) evaluate suitability of 
Institute for Agricultural Research (IAR) 
farm, Zaria for some selected crops. Three 
soil mapping units were delineated, two of 
the soil units were moderately suitable (S2) 
for cotton and maize but highly suitable for 
sorghum while the third soil unit was 
marginally suitable (S3) for cowpea and 
not suitable (N1) for cotton and maize. 
Constrain to agricultural productivity in 
the farm were soil fertility and drainage.  
Finally, Njar et al. (2012) assessed the 
suitability of two prominent land parcel for 
maize production in Obiaruku community 
of Delta state and found out that the well-
drained soil was classified highly suitable 
(S1) whereas the soil of the riverine area 
were moderately suitable (S2) for maize 
production. However, good soil 
conservation practice is suggested to 
achieve long term sustainable production 
of maize in the area. 
However, despite the importance of 
land evaluation on the sustainable 
management of land and for enhanced crop 
production, specific soil suitability studies 
such as suitability assessment for maize 
production have not been properly 
documented. This study attempts to 
contribute to existing knowledge as well as 
fill the locational gap in knowledge on soil 
suitability assessment in Zaria. The 
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objective of this study is to assess the 
suitability of Gabari District Zaria for rain-
fed maize production using the FAO 
framework for land suitability evaluation 
FAO (1976). 
 
Materials and Methods  
Description of the study area 
The study site is Gabari District of 
Sabo Gari Local Government Area of 
Kaduna State, (11°06ʹ50"N - 7°40ʹ22"E) 
characterize by Northern Guinea Savanna 
vegetation type. The area is intensively 
cultivated to array of crops such as maize, 
rice, cowpea, onion and tomato. The length 
of growing period is 150-180 days 
(Yakubu, 2004). Zaria lies within a region 
which has a tropical Savanna (Aw) climate 
type with distinct wet and dry season 
(Kowal and Knabe, 1972). It is 
characterized by long dry season from 
November through March while the wet 
season last for April to October with a 
mean annual rainfall 1100mm. The 
temperature fluctuates within a range from 
22°C during cold nights to over 38
0
C 
during the hot days. The relative humidity 
during dry season is about 15% and 
reaches up to 60% during the rainy season 
(Kowal and Knabe, 1972). 
 
Figure 1: Zaria Showing the Study Area 
Source: Adapted From Quick Bird 2011 Imagery 
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Geologically the area lies within the 
high plains of Northern Nigeria 
characterize by landforms which consist of 
inselbergs and pediment landscape 
overlying the basement complex which are 
nearly level to gentle undulating plains 
(Yakubu, 2004).  
Sample Collection 
A detailed soil survey using rigid-grid 
method (100 m × 100 m) on a 70 ha land 
was carried out. Soil units were mapped 
out and two modal profile pits were dug 
and examined according to Soil Survey 
Staff (2010) procedure. Bulk soil samples 
were collected from various genetic 
horizons identified within the profile pit of 
each soil mapping units. The samples were 
air dried, sieved with a 2mm sieve and 
analysed in the laboratory. 
Sample Analyses  
Particle size distribution was 
determined by the hydrometer method 
(Gee and Bauder, 1979). Bulk density was 
determined using the core sampler (Blake 
and Hartge, 1986).Soil pH was measured 
in water and 0.01M CaCl2 (1:2.5 w/v) 
using glass electrode pH meter (Agbenin, 
1995). Organic carbon was determined by 
the dichromate wet oxidation method of 
Walkley and Black (Nelson and Sommers, 
1982). The cation exchange capacity 
(CEC) was determined using the 
ammonium acetate method (Agbenin, 
1995). Base saturation was calculated as 
the sum of total exchangeable bases 
divided by cation exchange capacity 
(NH4OAc) (Agbenin, 1995). Available P 
was determined using Bray 1 method 
(IITA, 1979). Total N was determined by 
the kjeldahl method (Bremmer and 
Malvaney1982). Exchangeable bases 
(calcium, magnesium, potassium and 
sodium) in the soil were determined using 
the ammonium acetate extract from the 
CEC determination. Sodium and K was 
determined using flame photometer while 
Ca and Mg were determined using atomic 
absorption spectrometer. 
Statistical Analysis 
Analyses Of Variance (ANOVA) were 
used to ascertain whether or not there were 
significant differences in the physical and 
chemical properties of the three mapping 
units. 
Land Evaluation 
The land suitability evaluation for 
maize was carried out using the FAO 
method (FAO, 1983) (Table 1). Key 
environmental factors considered in the 
evaluation were climate (annual rainfall, 
temperature), topography (slope) and soils. 
The identified soil units were placed in 
suitability classes by matching their 
characteristics with requirements of the 
test crop. The most limiting characteristic 
dictate overall suitability for each soil unit 
using limiting condition procedure. The 
suitability of each factor for respective soil 
unit was classified as highly suitable (S1), 
moderately suitable (S2), marginally 
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Table 1 Factor Suitability Rating for Maize 











Rainfall (mm) >800 700 – 800 600 – 700 ˂600 
Temperature (
o
C) 24 – 30 20 - 24, 30-32 15 - 20, 32 – 35 ˂15, ˃35 
Land/soil physical property 
Slope (%) 0 – 2 4 – 8 8 – 16 ˃16 
Soil depth (cm) ˃120 75 - 120  30 – 75 ˂30 
Soil Texture  CL,L SL, LS  LCS CS 
Volume of coarse fragment ˂ 5 5 – 25 46 – 70 > 70 
Drainage Well Moderately Imperfect very poor 
Nutrient availability (top soil) 
pH 6  - 6.5  5.5-6.0, 6.5-7 5.0 - 5.5,7.0-8.2 < 5.0 - ˃ 8.2 
Organic Carbon (gkg
-1
) > 2.0 1.0 - 0.2 0.5 - 1.0 < 0.5 
Total Nitrogen (gkg
-1
) 0.8 - 0.4 0.4 - 0.2 < 0.2 Any 
Available P (mgkg
-1
) > 40 10-40 3-10 < 3 
Exchangeable K (mgkg
-1
) 0.3-0.5 0.2 0.1-0.2 < 0.1 
CEC (cmol(+)kg
-1
) ˃  25 13 – 25 6 – 12 ˂ 6 
Base Saturation (%)  ˃  80 40 – 80 20 – 40 ˂ 20 
Salinity and Sodicity 
Salinity EC (ds/m) < 1 1-2  2-4  >4 
Sodicity ESP (%) < 10 10- 15 >15 - 
Adopted from FAO (1983); Oluwatosin (2005). 
Key: CL=clay loam, L=loam, SL=sandy loam, LS= loam sand, LCS=loam clay sand, CS=clay sand 
 
Result and Discussion 
Soil Characteristics of the Study Area 
Three soil mapping units were 
delineated and denoted GBI, GBII and 
GBIII based on soil colour, texture, 
drainage and depth. Land qualities of the 
soils units are shown in Table 2. The soils 
were rated using the critical limits 
recommended by (Malgwi, 2007). Soil 
mapping unit GBI was deep, well drained, 
dark yellowish brown in colour, loam to 
sandy clay loam in texture, well developed 
profile and covers an area of 12.3ha. Soil 
mapping unit GBII was shallow to very 
deep, well to imperfectly drained, strong 
brown to light gray brown, loam to sandy 
clay loam in texture, weakly developed 
profile characterized by deep gully erosion 
and covers an area of 38.8ha. Soil mapping 
unit GBIII was deep, imperfectly drained, 
yellowish brown to gray brown, loam to 
silt loam in texture, well developed profile 
and covers an area of 18.9ha.  
Sand dominated the particle-size 
fraction of soils. The soil reaction was 
slightly acidic to neutral (6.1–7.3). This 
result was in conformity with earlier report 
by Lawal et al. (2012) and these values are 
within the pH requirement for most arable 
crops (Brady and Weil, 1999). Generally, 
organic carbon (O.C), available 
phosphorus (Ap) and total nitrogen (TN) 
was rated low according to Malgwi (2007) 
soil rating. CEC value (8.4 -12.6) were 
rated medium to high based on the ratings 
of  Adepetu et al. (1979) who reported 
CEC values of < 6, 6 - 12 and > 12 cmol 
(+) kg
-1
 as low, medium and high 
respectively. 
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Table 2: Land Qualities/Characteristics of Gabari District 
 
CL = Clay loam, L= loam, SL=sandy loam, LS = loamy sand, LCM= loamy coarse sand,  
CS = coarse sand  
 
The medium level of the CEC might be 
a reflection of the intensity of weathering 
that produced the soils. Base saturation 
(NH4OAc) of surface soils were rated 
medium (50-80%) in all the units, similar 
result was reported by (Atofarati et al., 
2012). The FAO (1999) reported that soils 
with base saturation of >50% are regarded 
as fertile soils while soils with less <50% 
were regarded as not fertile soils. The soils 
are generally fertile. The EC and ESP 
values were generally lower than 4ds/m 
and 15% respectively considered defining 
the soils as been saline and sodic.  
For improved crop yields on short 
term, mineral fertilizers could be 
recommended as a stop-gap to promote 
higher crop yields. However, for a long-
term sustainable crop production, soil 
fertility restoration measures affordable to 
farmers should be adopted. Among these 
measures are the uses of organic manure to 
improve the soils physical and chemical 
constraints. Alternatively green maturing 
practices (e.g. groundnut and other non-
food legumes) should be introduced as a 
very economic measure for soil fertility 
improvement and regeneration. This 
measure according to Yadav et al. (2001) 
increases crop yields by 20-30%, improves 
soil nitrogen and phosphorus by 25%, 
restores natural fertility and stimulates 
plant growth. Generally, there were no 
significant differences (P>0.05) in the 
physical and chemical properties of the 
soils within the three mapping units (Table 
3). 
Land Characteristic / Diagonistic Factor Soil Mapping Units 
Climate GBI GBII GBIII  
Mean Annual rainfall (mm) 1004 1004 1004  
Temperature (
o
C) 26 26 26  
Land/soil physical property  
Slope (%) 0-2 0-4 to 0-16 0-2  
Soil Depth (cm) >140 50 – 170 >170  
Soil Texture Class L,SL/SCL L/CL,SCL L/ SiL  
Volume of coarse fragment  
Drainage Well drained 




Nutrient availability (top soil)  
pH (H2O) 6.6 6.65 6.6  
Organic Carbon (gkg
-1
) 8.1 4.6 4.7  
Total Nitrogen ( gkg
-1
) 0.18 0.14 0.14  
Available P (mgkg
-1
) 3.07 2.63 3.59  
Exchangeable K (mgkg
-1
) 0.16 0.14 0.13  
CEC (cmol(+)kg
-1
) 8.4 11.6 12.65  
Base Saturation (%)  60.48 53.28 44.48  
Salinity and Sodicity  
Salinity EC (ds/m) 0.07 0.05 0.03  
Sodicity ESP (%) 4.89 3.66 3.98  
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Table: 3 Result of Analysis of Variation within the three mapping units 
Source of 
Variation SS Df MS F P-value 
F critical 
value 
Between Groups 1.102471 2 0.551235 0.001622 0.99838 3.178799 
Within Groups 17336.47 51 339.9308 
Total 17337.58 53         
 
Qualitative Land Suitability Classification 
for Maize Production 
A summary of land qualities/land 
characteristics of the study area is shown 
in Table 2 and the assessment ratings 
resulting from matching of land qualities 
and the requirements for maize was 
presented in Table 1 using the FAO (1983) 
suitability ratings. Soil mapping units GBI 
and GBIII have effective soil depth > 100 
cm and thus were rated highly suitable 
(S1) while mapping unit GBII with depth 
of 50 – 170 was rated marginally suitable 
(S3) for maize. 
Mean annual rainfall and temperature 
was considered highly suitable (S1). On 
the basis of soil texture, soil mapping units 
GBI, GBII, GBIII which were loam, 
overlaying loam, sandy clay loam, clay 
loam was highly suitable (S1) for maize. 
Fasina and Adeyanju (2006) reported that 
slope of < 3 % may favour mechanical 
operation. The slope of < 2 % made soil 
mapping units GBI and GBIII soil units 
highly suitable (S1) while soil mapping 
unit GBII with slope of 4-16 was currently 
Not suitable (N1). The entire soil mapping 
units were perfectly drained, hence rated 
highly suitable (S1) except soil mapping 
unit GBIII which was imperfectly drained 
as such classified marginally suitable (S3) 
due to its aquic condition which may 
constitute major limitation for the growing 
of maize. Drainage is required for maize 
which was known to be non-tolerant to 
water-logging conditions. Regarding soil 
reaction (pH), soil mapping units GBI, 
GBII and GBIII were highly suitable (S1). 
Considering nutrient retention (CEC) soil 
mapping units GBI and GBII were 
marginally suitable (S3) while soil 
mapping unit GBIII was moderately 
suitable (S2). Furthermore, with regard to 
organic carbon (OC) and total nitrogen 
(TN) all the soil mapping units were 
marginally suitable (S3), for available P 
content, soil mapping units GBI and GBIII 
were marginally suitable (S3) while soil 
mapping unit GBII was not suitable (N). 
Soil mapping units GBI, GBII and GBIII 
were marginally suitable (S3) with regard 
to exchangeable K. All the soil mapping 
units were moderately suitable (S2) with 
regarding to percent base saturation (BS). 
All the soil mapping units were highly 
suitable (S1) with regards to salinity and 
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Table 4: Matching Landuse Requirement with Land Quality for Maize 









Rainfall  (mm) S1 S1 S1 
Temperature  (
o
C) S1 S1 S1 
Land/soil physical property 
slope (s) (%) S1 N S1 
Soil depth  (cm) S1 S3 S1 
Soil Texture (%) S1 S1 S1 
Volume of coarse fragment (%) S1 S1 S1 
Drainage (d) S1 S1 S3 
Nutrient availability (top soil)  (f) 
pH (H2O) S1 S1 S1 
Organic Carbon (m) (gkg
-1
) S3 S3 S3 
Total Nitrogen (t) (gkg
-1
) S3 S3 S3 
Available P (p) (mgkg
-1
) S3 N S3 
Exchangeable K (mgkg
-1
) S3 S3 S3 
CEC (c) (cmolkg
-1
) S3 S3 S2 
Base Saturation (n)  (%)  S2 S2 S2 
Salinity and Sodicity 
Salinity EC (e) (ds/m) S1 S1 S1 
Sodicity ESP  (%)  S1 S1 S1 
Overall Suitability S3f-1 N1tf-2 S3df-3 
f = fertility, t = slope     
 
Soil mapping units GBI and GBIII 
were marginally suitable (S3) while GBII 
was currently not suitable (N1) for maize 
production due to low organic carbon, 
available phosphorus and total nitrogen; 
soil mapping units GBIII and GBII have in 
addition drainage and steep slope 
limitation respectively. This confirm 
results of Oluwatosin (2005) who reported 
that low fertility, erosion hazard and 
drainage are factors limiting productivity 
of savannah soil for crop production. 
Ogunkule (1993) also reported that soil 
fertility is the major limitation to the 
suitability of Nigeria soils.  
The overall Suitability of the Gabari 
soils for maize were classified as follows: 
Mapping units GBI and GBIII were 
classified into the order S (suitable), class 
S3 (marginally suitable), and subclass f 
and d (fertility and drainage), while units 
were f-1 (fertility) and f-3 (fertility and 
drainage) respectively. Mapping units 
GBII was classified in the order N (not 
suitable), class N1 (currently not suitable) 
and subclass f and t (fertility and slope), 
while unit was f-2 (fertility and slope). Soil 
mapping unit GBI was classified as S3f-1, 
which represent deficiency of organic 
carbon, total nitrogen and available p, 
GBII as N1f-2 which represent deficiency 
of organic carbon, total nitrogen, available 
p and slope limitation and GBIII as S3f-3 
which represent deficiency of organic 
carbon, total nitrogen, available p and 
drainage limitation for maize production at 
the unit level of classification (figure 2). 
 
Conclusion 
Generally, the entire soil mapping units 
assessed were rated medium based on 
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nutrient status, but in term of suitability for 
maize they were marginally to currently 
not suitable due to low organic carbon, 
total nitrogen and available phosphorus 
and slope. However, for optimum 
performance and upgrade of the suitability 
of the area to moderate/highly suitable, 
recommended rate of NPK-fertilizer, 
manure application and management 
practices that will encourage the return of 
plants/crop residues into these soils to 
improve the soils physical and chemical 
constraints. Soil mapping unit GBII with 
very steep slope limitation will require 
terracing plough to reduce high rate of 
erosion while mapping unit GBIII will 




Figure 2: Suitability map of Gabari District 
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